In a composite model, based on SQ(3) gauge group, in which there are both fermion and scalar fundamental fields, we determine whether there is spontaneous breaking of chiral symmetry and look for the mass gap between the ground state and the one composite-fermion state. The chiral symmetry is realized in the strong-coupling lattice Hamiltonian with the fundamental fermions being massless and fundamental scalars being massive. This calculation is based on the mean-field approximation to the state wave functions. Similar to the calculations of Quinn, Drell and Gupta in models without scalars, we also find that the chiral symmetry is spontaneously broken, and the composite fermions are massive. The extension of our calculation to SO(N) cases is shown to be straight forward.
Introduction
In the context of strong coupling lattice gauge theories, Quinn, Drell and Gupta' (QDG) h ave shown that the chiral symmetry is spontaneously broken and composite leptons and quarks, which are made out of fundamental fermions are always massive. They argue that in going to the continuum limit there can only be two alternatives, either the chiral symmetry is realized in the NambuGoldstone mode with massive leptons and quarks, or there is a phase transition at some finite coupling. In the first case, the masslessness of leptons and quarks cannot be achieved; whereas in the second case the desired property of confinement and asymptotic freedom is lost.
Our goal in this paper is to extend this no-go senario to the type of composite models in which the fundamental matter fields involves both scnlars and fermions.
Due to the limitation of our technical tools, we can only deal with those models having SO(N) as their gauge groups. A generalization to SU(N) groups awaits for future efforts.
We shall first briefly review the QDG senario, then go to a SO(3) model and demonstrate that the no-go senario can be extended to the case involving fermion and scalar fundamental fields. We then argue that this can be straight forwardly extended to SO(N) cases. Although we are not able to cover the nogo senario to all models of this type (in particular, the SU(N) cases like the Fritzsch-Mandelbaum model2 or the Abbott-Farhi mode13), the implication is already interesting. Some discussions are given at the end.
The Quinn-Drell-Gupta N-Go Senario
As mentioned previously, Quinn, Drell and Gupta consider the composite -models in strong-coupling lattice gauge theories. They use the long-range form of the lattice gradient operator (the SIAC gradient), which for an infinite-volume lattice is (2.1) in order to explicitly maintain chiral symmetry without the fermion "doubling"
problem. Consider the problem of a simple hypercolor gauge group, say SU(N), with fermions (preons) assigned to some set of representations R with dimension dR and number of flavors fR. The Hamiltonian in AQ = 0 gauge is given by (2.2) where the lattice spacing a is the only dimensionful quantity and oP is the Dirac matrix 707~. For strong-coupling effective Hamiltonian we separate H into Ho = c g2E2 > and V=H-Ho (2.3) and perform degenerate perturbation theory in the sector of flux-free states.
This requires that the fermion states at every site is a gauge group singlet. By retaining the terms only up to order l/g2, which corresponds to acting V twice, exciting a flux then annihilating it, gives4 Any infinitesimal mass term added to the Hamiltonian will select this chiral symmetry breaking state about which the mass acts as a perturbation.
QDG also showed that by acting on any site of the lattice with a composite fermion operator on the chosen ground state, there will be a mass gap created and of order l/g2. Hence the composite leptons and quarks are massive. This conclusion does not change for any choice of fermion representation content and _ gauge group for four-component fermions. And the no-go senario of QDG as -stated at the beginning of this paper follows. way that the lattice spacing a is the only dimensionful quantity.
In the strong coupling limit, we neglect the plaquette terms and separate the rest of the Hamiltonian into two parts: V=Vm+V,+Vf ) (3.6) u&i, N 4% + Q) + h.c. 
I
Our present problem may be mapped to the nonrelativistic quantum mechanics problem with _ -H(l) (3.11) In particular all we need is to make the identification: u2 2m=a, -= 4 = 3.3 ) and p2 = rLra = Z'-?r . (3.12)
Now we consider the case where X0 is sufficently small, so that we may make use of the perturbation approach and describe the complete set of the orthonorma1 wave functions for the tensor products of 4, in terms of eigenfunctions of the Hamiltonian:
Later we shall make precise on the range of Au to be assumed.
Next we proceed to discuss the solutions for H(l) of Eq. (3.13). The radial part of the Schroedinger equation for H(l) is given by:
where the full wave function is The resultant color content of the products of fermionic field operators can now be defined through the usual procedure of the Clebsch-Gordan additions.
More explicitly one would write:
en (n+,n-,fi+,fQ z *em = C $k:-) ,I,,,-) (h+!lml;ep22) , (3. We choose the form of the ground state wave function for the harmonic oscillator to be that for the trial wave function. We get Now let us allow j? to be a parameter. The minimum value of (H(l)) is obtained by minimizing f(p). As a rough estimate on X0, we solve for (H(l))
iteratively. To the zeroth order in Au, the stationary point occurs at p -w, so (HO)) N ; + 5xo 2w2 * (3. 31)
The condition of Eq. (3.25) now gives,
It is important to point out that while from Eq. (3.26) onward, we have used the perturbative method to estimate the quantitative range of X0, our argument in arriving at the finite-gap conclusion is independent of the perturbation theory.
Chiral Symmetry Breaking and Composite Fermion Masa
Recall that the full effective Hamiltonian Hejj includes H(l) and Ht2), where 
C. The Composite Fermion Mass
In the case of QDG, the "potential energyn for creating a composite fermion from the mean-field state is positive and of order 1/g2: (4.8)
On the other hand, the "kinetic energy" terms that move composite fermions (made of three or more fermionic preons) from one site to another are able to reduce the mass gap but only to leading order 1/g4. Hence one cannot alter the mass gap result by making a zero momentum superposition of local composite fermion states. We now turn to our case.
The evaluation of the composite fermion mass for our case is complicated by two additional effects. First the presence of the composite fermion kinetic term Hj8, which as we shall see gives rise to a O(1/g2) effect. Second, even more importantly, the presence of the scalar term which gives rise to O(1) effect.
-(i) General considerations involving composite fermion operators. Clearly, the maximum value corresponds to 2 = 0, i.e. 17(f = 0)) = c Ft(l')ln) .
-! .I (4.12) This turns out will lower the expectation value of He11 the most. So the l?(iE=O)) t t s a e is appropriate for the evaluation of the mass gap.
(ii) Evaluation of the mass gap.
The Hamiltonian of the kinetic terms is H/B and can be expressed in terms of the composite fermion operators - (4.13) where the first term on the righthand side, FJF,, corresponds to movings between nearest-neighbors, and the second term corresponds to hoppings between next-to-the-nearestneighbors.
These are all along the--P direction.
In appendix D we find that (ii) Extension from SO(3) to SO(N).
So far for definiteness, we have considered the SO(3) case, which is locally isomorphic to SU(2). Our considerations can, in a straight forward manner be extended to general case of SO(N). A particular case which might be of physical interest is to assign the fermions and the scalars and their corresponding antiparticles to the irreduciable representations of SO(6), which contains SU(3) as a subgroup. Here we will be looking at a theory which has a symmetry slightly larger than that of QCD and it has additional scalars.
Bander and Itzykson' have shown that for SO(N), the corresponding Laplacian operator is given by:
where L2 is the generalization of the total angular momentum and it operates on angular variables with WKB approximation can again be applied to solve for the energy eigenvalues.
Once again one concludes that as long as the parameter X0 is kept below a certain value, the nonhypercolor-singlet (.f? > 0) components in @e and \Ire are appropriately suppressed in the ground state. In turn the no-go senario advocated in Ref.
[l], is also applicable here.
Further Remarks
So far we have demonstrated that the QDG no-go scenario extends to the composite models based on SO(N) groups. Note that our result follows rather trivially once one recognizes the smallness of the mixing angle 0. On the other hand we find that without the explicit calculations of the eigenvalues El and Eo, it would be difficult to argue a priori about the smallness of 8 and thus the breaking of chiral symmetry.
Unfortunately we are not able to enlarge the scope to those models based on SU(N) local gauge groups, be it either having both scalars and fermions assigned Since we assume that 4 and + can interact only through the gauge fields, the lowest order contribution is the box diagram in Fig. l(a) . The scattering amplitude in the U (1) The candidate mass term is #t4 6 $, with its coefficient given by the trace of 4,
We see that 'llA2 depends explicitly on the fermion mass m. Since we assume m = 0 to begin with, this box diagram does not contribute to an effective $tQ $I 1c, term.
Next we look at the higher order iterations, which is diagramatically shown -in Fig. l(b) . Th e corresponding coefficient for its contribution to the mass term B --.
--WKB Approximation for the Harmonic Oscillator -Problem --
In this appendix we illustrate that the WKB approximation does indeed reproduce, at least approximately, the spectrum of Eq. (3.19). We shall illustrate the effect of the perturbative terms in this context.
WKB Approximation for the Ground State Energy
Consider Eq. Despite of this discrepancy, we observe that so far as the eigenvalues of (3.19) are concerned, the WKB method does a reasonable job in reproducing the spectrum.
Notice that for e = 1, and (b) its higher order iterations.
-
